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only. These doubts are well justified inasmuch as the 
true phase shifting is possibly of another ma,gnitude; 
nevertheless the approach of the extreme of pressure 
osciUation earlier at the higher levels than at  the lower 
appears to be real, as the phase shifting between Zug- 
spitze and hi h Peissenberg (with respect to the Bavarian 

tion and order of magnitude with that between Linden- 
berg a t  3,000 meters and the surface. It may be seen 
therefrom how much more precise is the analytical than 

lowland) an f between Slintis and Zurich agrees in direc- 

the customary graphic method for the investigation of 
periodic processes. In a horizontal direction there results 
a phase shifting from s0ut.h to north in such a way that 
on Santis (lat. 47’ 15’) and on the Zugspitze (lat. 47’ 25’) 
the extreme oscillation occurs about 10 days earlier than 
at  the 3,000-meter level over Lindenberg (lat. 52’). 
From this result the assum tion is permissible that the 
three to three and one-ha1 P year pressure oscillatiou in 
central Europe is dependent upon a periodic displacement 
of the equatorial front. 

RAINFALL PROBABILITY DURINQ THE FIRE SEASON IN WESTERN WASHINQTON AND OREGON’ 

By TRORNTON T .  MUNGER, Director 
[Portland, Oreg., ofece of the Forest Service] 

If forest rotective effort were ade uate to absolutely 
prevent an B suppress all forest fires, 7 t iere would bc less 
occasion to study quantitatively the ha.zards. But the 
funds are not adequate to ive absolute protection. 

bolster up that in another. The most intelli ent dis- 
tribution of resources in proportion to needs can B e niade 
only a.fter some quantitative study of the several factors 
that go to make up fire danger. 

It would help in the solution of t.he problem if each of 
the factors that go to make up the fire hnzard could he 
measured and rated for each district--even for each tract 
of land. This is a goal to strive for-to measure nnd 
rate the inflammability based upon the amount and 
character of the combustible material on that tract, to 
estimate and rate the probability of fire starting, and 
then to rate the meteorological factors, the robihility 
and local severity of low humidity spells, winc 7 s, and the 
chances of wetting rains, and put these elements together 
to make a fire danger index rating. 

The resent report-whic.h is chiefl a set of graphs and 

in a preliminary way the rating of just one of the factors 
that contribute to the fire hazard-rainfall probability. 

It has always been known that certain parts of this 
re ‘on had more summer rainfall than others, that some 

summer moisture as to be litt e worry to the protective 
a encies. This study was undertaken to find out what 

rainfall at  various points tliroughout western Oregon 
and Washington. 

The results as presented in the graphs and maps will 
be of practical use to the protective agencies in getting a 
picture of one of the big underlying redisposing causes 
of forest fires, in seein how much c R ance of rain they 

They can better meet their op onent in the 
localit% fire-fig ting game if they know what the o (P ds are against 
them. 

It may be appreciated that the weather at  any one 
station may in any one ear be absolutely the reverse of 
the probability; i. e., t rl ese percentdge chrtnces of rain 
can not be used as indications of coming weather nt nny 
one station in any one period. These probabilities will 
be dependable over a term of years for a group of stations, 
just so far as the weather during series of past years is 
du licated in the future. 

!betho& of m&ng this study.-These were suggested 
b a paper read by Raphael Zon at  Madison, )Vis., in 
darch, 1934, describing methods of drought rediction 
in Russia based on probabilities and ontitled “Qheory of 

Hence protectmion has to he s a imped in one region to 

maps [ I p  he latter not reproduced.- E? d.] aims to set forth 

va TI eys were phenomenally dr , others so likely to have 

t f e Weather Bureau records might show :is to summer 

have to count upon in t % is locality as compared with that 

s 

probabilities in relation to climatic cycles as developed 
in Russia.” 

resent study consisted of assembling the United 
States keather Bureau statistics for the region in such 
a way RS to show how often during a term of years each 
station has had a good rain, a light rain, or no rain 
during ea.cli 10 days of the fire season. The printed 
records were used so far as they went, and beyond that 
t,he original records in the a.rchives of the Portland and 
Seattle offices were consulted t.llrough the courtesy of 
Messrs. E. L. Wells and M. B. Summers. The compiln- 
t,ion was performed by Mr. Louis Langdell. 

All the stations in Western Oregon and Washington 
were used which had 10 or more years c.oniplete summer 
record. It so hap ened that there were exactly 50 such 
stations in each 8 tate. The compilation was prepared 
separately for each lo-day period from June 20 to Se 
tember 10, which in the case of the last third of J up y 
and of Sugust is actutilly an 11-day period. If a station 
in any 10-day period hrtd 0.3 inch or more of rain in 
one or two days it was considered to have had a “wet- 
ting rain” or “good rain” in that period. This amount 
wliich lias been used by other writers,a wits selected arbi- 
trurily as that, which would subdue the forest fire menace 
for n’few days. Recognition is given of the fact that the 
rate at which a rain falls and the type of cover it falls 
upon lins niwh to do with its fire-deterrent eflect. Ten- 
day periods which had a trace or more of rain but less 
t.htm 0.2 inch in any two dais  were classed as havin 
“light rains.” If a station ha no rain in a 10-day erio 
it was so classified. The results of all the years, w ether 
it be 10 years or 41, were assembled by 10-day eriods 
for each of the 100 stations, and the percentage o P times 
in each period that each station had “wetting rains,” 
“ light rains,” or “ no rains’’ c.dc.ulated. Thus Govern- 
ment Camp, for the period August 1 to 10, in the 25 
years of record had wetting rains 7 times, light rains 3 
t,inies, and no rain 15 t.imes. This indicates a probabil- 
ity of wetting rains 28 times out of 100, light rains 12 
per cent of the time, and no rains GO chances out of 100. 

this 
great mass of meteorological statistics are assemb P ed in 
the gra lis shown on pages 396-397, one for Washing- 
ton an a one for Oregon. They show for each station 
what its clinnces are (based on its history) for a good 
rrtin, a light rain, and no rain, all given in percentages, 
for each of the lo-day periods. 

The 

d K c l  

Presentation of data.-Tlie results of analyzin 

I The term “rainfall probability” as here used connotes percentage frequency of raln- 
fall of rertain intensities; It should not be confused with results which may be deduced 
by the methods,?f the mathematical theory of probability.-Ed. 

8 aisborne in Measuring and Forecasting Forest Fire Dwge! in Northern Idaho” 
considers that “.a0 inches or more in 24 hours Is sufedent to ellmlnate dre danger In 
northern Idaho.” 



S-, 1925 

Washington: 
NorthcoaPtal__________ 
fioutheoastsl__________ 
East Olym ic 
Puget-Cowk.1::::::: 
North Casendes _ _ _ _ _ _ _  
South Cascades _ _ _ _ _ _ _ _  

MONTHLY WEATHER REVIEW 

Chanceaofgoodrains, Inpercentage, throughetermofyearr 

63 43 40 3'2 27 53 64 11 
76 48 41 83 24 49 39 80 
Q 4 3 3 3 1 7 2 2 4 4 4 4  61 
84 46 37 23 21 44 44 68 
76 67 48 31 36 55 I 88 
18 52 40 27 27 63 46 79 

395 

39 30 
27 20 
30 16 

46 25 
Umpqua-Rogue-. - - - _ _  
North Cssendes _ _ _ _ _ _ _  
South Cascades _ _ _ _ _ _ _ _  

Some irregularities in the graphs mag be due to very 
local unusual conditions or exposure if instrument a t  
some stations. The reading of any single station must 
be considered with this in mnd. 

Before the annlysis of past weather records was begun 
it was realized that for most stations the length of record 
was not sufficient to give accurate normals. It would 
have been better if all stations had 30 to 50 years record. 

Furthermore, the records of the ssveral stations are not 
for conteni orary periods, and as there arc wet cycles 

from 1910 to 1924 is not truly comparable with a 30-year 
record running from 1895 to 1924. To have used only 
those stations which had contemporaneous records for 
the same term of years would have reduced the number 
of stations and yeam used to a point that the compila- 
tion would have been meaningless. 

Discwsion.-The graphs speak for theinselves and can 
be used direct without further analysis. They drive home 
vividly certain thin s it is well for all forest agencies to 

better probability of rain than the interior valleys, and 
the Cascade Range is wetter than the valleys but less so 
than the coastal belt. There is a progressive decrease in 
the chances for rain from north to south varying from a 
midsummer chance of 36 per cent in the northern Cas- 
cades to a 3 per cent in the southern. The acute short- 
age of rain begins earlier, is more intense, and lasts longer 
in the south, and this principle is true of the coast belt 
and Cascades as well as the valleys. 
On the whole, western Oregon has a ver much poorer 

chance of summer rains than western d ashington. A 
comparison of the two States is resented in Table 1. 
The stations are very similarly i f  istributed by physio- 
graphic regions in the two States, so that the comparison 
is fair. 

Table 2 ives a comparison of the several physiographic 

that exist. It is compiled from the detailed entries by 
stations given in the 

The last 10 days of June and first 10 days of September 
are about the same in this regard. This does not check 
with the fire record because other factors than pre- 
cipitation make the late Au ust season the peak of the 

and dry cyc f es i t  is evident that a 15-year record running 

realize. For exampe, 7 the coastal regions have much 

regions of t % e two States and shows the marked contrasts 

The eriods of J I F p h s .  y 20-31 and August 1-10 are the 
worst o P the season so far as lack of rainfall is concerned. 

danger period, particularly t % e cumulative efFect of the 
6845'1--26t-2 

30 21 87 40 Q 
9 14 17 30 60 
11 13 19 30 48 

2 4 1 4 8 8 # ) 1 4 3 4  
25 25 42 61 84 

3 8 3 1 1 4 3 2 6 ! 2 3 M  

drou hts, the seasonal maturing and withering of weeds, 

the increase in the human risk due to the vacation 
season. These factors tend to outweigh the slight in- 
crease in precipitation. If the graphs of one period be 
compared with those of another, it must be remembered 
that they are the picture of but one factor and not of the 
cumulative combination of all the elements of fire risks. 

The raphic ictures of this one element of the weather 
should g b a  e use on1 within the limitations which this 
text specifies. If d e  help to acquaint the forest pro- 
tective agencies with t K e customary seasonal and r uional 
distribution of our fire-quenching showers they w a h a v e  
served the purpose for which they were intended. 
TABLE 1.-Chanee of ood rains and chance o no rains i n  the 

summer i n  western 8regoa and i n  western wf crshington; average 
of 60 stations i n  each State. 

and B t e lowered moisture content of all vegetabtion and 

1 June 1 July 1 July I July I Aug I bug. I A I Sept 
1-10 11-20 21-31 1-ii 11-20 21% 1-m. 

1 Chance of good rain, in percentage, through term d yesra 

Western Wsshlngton ...--. 69 49 39 25 24 48 46 11 
Western Oregon _ _ _ _ _ _ _ _ _ _  49 52 I 31 1 21 I 15 I 14 I 25 I 80 I 

TABLE 2.-Chanee of good rains in each region during the summer; 
averages of stations in  each region 



MONTHLY WEATHER REVIEW SEFTEMBER, 1925 396 



SEPTEMBER, 1925 MONTHLY WEATHER REVIEW 397 


